The volatiles (VOCs) and semi-volatile organic compounds (SVOCs) responsible for aroma are mainly present in skin of grape varieties. Thus, the present investigation is directed towards the optimisation of a solvent free methodology based on headspace-solid-phase microextraction (HS-SPME) combined with gas chromatography-quadrupole mass spectrometry (GC-qMS) in order to establish the global volatile composition in pulp and skin of Bual and Bastardo Vitis vinifera L. varieties. A deep study on the extraction-influencing parameters was performed, and the best results, expressed as GC peak area, number of identified compounds and reproducibility, were obtained using 4 g of sample homogenised in 5 mL of ultra-pure Milli-Q water in a 20 mL glass vial with addition of 2 g of sodium chloride (NaCl). A divinylbenzene/carboxen/polydimethylsiloxane fibre was selected for extraction at 60
Introduction
The volatile composition of grapes is one of the most important factors determining wine character and quality [1, 2] . As in many food products, grape and wine aroma is influenced by the action of hundreds of VOCs and SVOCs belonging to different chemical groups, namely mono and sesquiterpenoids, C 13 norisoprenoids, alcohols, acids, carbonyl compounds, sulphur compounds, pyrazines, among others [3] [4] [5] . They have a considerable influence on the sensorial complexity of grapes, and consequently of juices and wines covering a wide range of polarities, volatilities, and concentrations. They result from several biochemical and technological processes that originally arises from grapes, and are considerably influenced by several factors, like grape variety, culture practices, climate, soil type, and geographical location [6, 7] . These compounds, which are secondary products of the plant metabolism, were found to be distributed through the different parts of the berry, namely pulp and skin, which depend on the variety. Several studies show that these compounds were found predominantly in skin tissue and typically stored as sugar or amino acid conjugates in the vacuoles of the exocarp cells [3] . Bayonove et al. [8] observed a highly uneven distribution of some free monoterpenes in different fractions of Muscat grapes. Geraniol and nerol, for example, were associated primarily with the skins of the berries, whereas linalool was more uniformly distributed between the juice and skin. Similar results were also obtained by Cordonnier and Bayonove [9] , where linalool was equally distributed between juice and skin, whereas 95% of geraniol and nerol were found in skin of Muscat of Alexandria grapes. The intensity and quality of wine aroma might be influenced by different skin contact times [10, 11] . However, an exhaustive time of contact could induce an unpleasant effect due to the extraction of C 6 alcohols responsible for the undesirable herbaceous aromas. Thus the knowledge of the volatile and semi-volatile composition of grapes, including their distribution between pulp and skin, offers a mean for evaluating 0039 the potential aroma of a grape variety, allowing the improvement of the quality of wine aroma.
Many of the volatiles (VOCs) and semi-volatile organic compounds (SVOCs) of grapes are generally present in trace amounts (from several mg L −1 to a few ng L −1 , or even less), which means that an effective extraction technique (enrichment or focusing), as well as a sensitive methodology of analysis are required to proper characterize them. Previously, several methodologies involving solvent extraction (pentane/diethyl ether, dichloromethane, ethyl acetate) [12] , simultaneous distillation-extraction (SDE) [13] or concentration on solid-phase supports (solid-phase extraction-SPE) [14, 15] followed by analysis using gas chromatography-mass spectrometry (GC-MS), have been widely proposed and used to establish the aroma profile of grapes and wines. Nevertheless, these conventional enrichment methodologies have some important drawbacks, such as their relatively low reproducibility, low selectivity, and loss of analytes during the concentration steps. Additionally, they require the use of toxic and expensive solvents, are timeconsuming, and labour-intensive.
More recently, solvent free methodologies that overcome these drawbacks have been developed, such as solid-phase microextraction (SPME) and stir bar sorptive extraction (SBSE). SPME methodology provides a suitable tool for organic analytical chemistry because is a fast, simple and sensitive procedure which offers important advantages as it eliminates the use of organic solvents and allows to combine sampling, extraction and concentration into a single step, and substantially shortening analysis time [16] . For these reasons, SPME applications in food analysis are vast, and recently have been successfully applied to study the volatile composition of grapes [3, [17] [18] [19] [20] [21] [22] , and wines [23] [24] [25] . Nevertheless, in these studies few extraction-influencing parameters were taken into account. For example, only two SPME fibre coatings, at two extraction times (30 and 60 min) and two temperatures (40 and 50 • C) have been used for the optimisation of HS-SPME methodology to profile the volatile composition in Cabernet Sauvignon grapes by Canuti et al. [3] . In order to obtain a reliable methodology to study grape VOCs and SVOCs, Sánchez-Palomo et al. [20] tested three fibre coatings, and different extraction times (10, 20, 30, 40 and 50 min) and temperatures (40, 50, 60 and 70 • C), while Kalua and Boss [19] focused their study on the grapes dilution solvent, and sample/headspace volume optimisation.
As, VOCs and SVOCs are mainly present in skin of grape varieties, the current investigation is directed towards the development of a reliable and solvent free HS-SPME/GC-qMS methodology to establish the global volatile signature in pulp and skin of Bual and Bastardo Vitis vinifera L. grape varieties. In order to improve the extraction efficiency, the conducted research involves a deep study on extraction-influencing parameters, such as fibre coating, extraction time, extraction temperature, ionic strength, sample amount (ratio 1/ˇ), and sample dilution. Finally, principal component analysis (PCA) was applied in order to characterize the pulp and skin of Bual and Bastardo grape varieties as a function of the chemical groups identified by HS-SPME/GC-qMS methodology.
Materials and methods

Reagents and materials
All chemicals were analytical quality. Sodium chloride (99.5%) and ethanol (99.9%) were supplied from Panreac (Spain, Barcelone) and Merck (Dramstadt, Germany), respectively. Standards of VOCs and SVOCs used for identification of target compounds were purchased from Sigma-Aldrich (Madrid, Spain), Acros Organics (Geel, Belgium), and Fluka (Buchs, Switzerland) with purity > 98%. The individual stock solutions were prepared in ethanol at concentration of 1000 mg L −1 , and stored at 4 • C. Ultra-pure water from Milli-Q system (Millipore, Bedford, USA) with conductivity of 18 M was used throughout. Helium of purity 5.0 (Air Liquid, Portugal) was utilized as the GC carrier gas. The glass vials, SPME fibres, and SPME holder for manual sampling were purchased from Supelco (Bellenfonte, PA, USA). The retention index (RI) was calculated through injection of a series of C 8 to C 20 straight-chain n-alkanes (concentration of 40 mg L −1 in n-hexane) supplied from Fluka (Buchs, Switzerland).
Samples
Healthy mature-state Vitis vinifera L. Bual (white) and Bastardo (red) grapes, from the 2008 harvest were collected at maturity state based on sugar/acid ratio, in Região Autónoma da Madeira Appellation (RAM), Portugal, from an experimental vineyard (Quinta das Vinhas, Estreito da Calheta) operated by the Regional Secretary of Agriculture. For each sampling, 400 g of grapes were picked randomly throughout the vine, taking into consideration the number of berries per bunch and the balance between shadow, and sun exposure in the different vineyard locations, following a z-shaped pattern to avoid edge and centre effects. Samples were transported immediately under refrigeration (ca. 2-5 • C) to the laboratory, and stored at −20 • C until analysis.
HS-SPME procedure
The grapes were manually pealed and the skins were separated from the pulp. Both fractions (skin and pulp) were individually homogenised and analysed. The pulp of Bual grapes was selected as the matrix for the optimisation of SPME extraction-influencing parameters. For headspace sampling, aliquots of 4 g of sample (pulp and skin, respectively) were placed into a 20 mL glass vial, containing 2 g of sodium chloride (NaCl) and 5 mL of ultra-pure Milli-Q water, which correspond to a ratio of the volume of the liquid phase to the headspace volume (1/ˇ) of 0.5. After addition of a stirring bar (2 mm × 0.5 mm, for stirring at 800 rpm), the vial was closed, and placed in a thermostatted bath adjusted to 60 ± 1 • C. After this step the SPME fibre was manually inserted into the sample vial headspace during 45 min. After conclusion of extraction process, the fibre was retracted prior to remove from the sample vial and immediately inserted into the injection port of the GC for desorption at 250 • C for 7 min in splitless mode (5 min). All measurements were made with, at least, three replicates.
Optimisation of SPME parameters
To optimise the SPME extraction efficiency, some experimental parameters, namely fibre coating, extraction time and temperature, ionic strength, sample amount (ratio 1/ˇ), and sample dilution, were taken into account.
Selection of the fibre coating
The selection of the fibre coating was carried out by testing six types of commercially available silica SPME fibres, varying in polarity, thickness of the stationary phase, and coated with the following polymers: polydimethylsiloxane (PDMS, 100 m), polydimethylsiloxane/divinylbenzene (PDMS/DVB, 65 m), divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS, 50/30 m), carboxen/polydimethylsiloxane (CAR/PDMS, 75 m), polyacrylate (PA, 85 m), and carbowax/divinylbenzene (CW/DVB, 70 m).
Fibres were thermally conditioned in accordance with the manufacture's recommendations before first use. Before the first daily analysis, the fibres were conditioned for 15 min at 250 • C. The SPME procedure described above (Section 2.3) was used to select the fibre coating. A blank test was performed to check possible carry-over. At least three replicates were done for each fibre.
Effect of extraction time and temperature
Extraction time and temperature are two of the most important parameters affecting the volatility and solubility of analytes. Therefore, these two parameters were optimised. The procedure described in Section 2.3 was employed to evaluate the extraction time and temperature. The HS-SPME extraction of the real samples (pulp from Bual grapes) was done using fibre exposition times between 15 and 60 min using DVB/CAR/PDMS fibre at 40 • C under constant stirring (800 rpm). In order to optimise the extraction temperature, up to three consecutive extractions were carried out at each of the following temperatures 30, 40 and 60 • C using DVB/CAR/PDMS fibre during 45 min under constant stirring (800 rpm).
Effect of ionic strength, sample dilution, and sample/headspace volume
Since the addition of a saturating amount of salt is reported to improve fibre extraction efficiency, three different amounts of sodium chloride (1, 2, and 3 g) were evaluated. Sample dilution (2 g of pulp sample diluted in 2.5, 5 and 10 mL of ultra-pure Milli-Q water), and sample amount (1, 2 and 4 g of sample in a 20 mL glass vial) were investigated for their effect on the partitioning of analytes between the sample. All measurements were performed in triplicate with DVB/CAR/PDMS fibre at 60 • C for 45 min under constant stirring (800 rpm).
GC-qMS conditions
The SPME coating fibre containing VOCs and SVOCs of pulp and skin was manually introduced into the GC injection port at 250 • C (equipped with a glass liner, 0.75 mm I.D.) and kept for 7 min for desorption. The desorbed VOCs and SVOCs were separated in a Agilent Technologies 6890N Network gas chromatography equipped with a BP-20 fused silica capillary column (30 m × 0.25 mm I.D. × 0.25 m film thickness) supplied by SGE (Darmstadt, Germany) connected to an Agilent 5973N quadrupole mass selective detector. Helium (Air Liquid, Portugal) was used as the carrier gas at a flow rate of 1.2 mL min −1 (column-head pressure: 12 psi). The injections were performed in the splitless mode (5 min). The GC oven temperature was programmed as follows: held at 40 • C for 5 min then ramped at 2 • C min −1 to 220 • C, and held there for 20 min. For the MS system, the temperatures of the transfer line, quadrupole and ionization source were 250, 150 and 230 • C, respectively; electron impact mass spectra were recorded at 70 eV and the ionization current was about 30 A. The acquisitions were performed in full scan mode (30-300 m/z). The GC peak area of each compound was obtained from the ion extraction chromatogram (IEC) by selecting target ions for each one. Reproducibility was expressed as relative standard deviation (RSD). Signal acquisition and data processing were performed using the HP Chemstation (Agilent Technologies).
Identification of VOCs and SVOCs was achieved (1) comparing the GC retention times and mass spectra, with those, when available, of the pure standard compounds, (2) all mass spectra were also compared with the data system library (NIST, 2005 software, Mass Spectral Search Program V.2.0d; NIST 2005, Washington, DC), and (3) Kovats retention index (RI) value were determined according to the Van den Dool and Kratz [26] . For the determination of the RI, a C 8 -C 20 n-alkanes series was used, and the values were compared, when available, with values reported in the literature for similar chromatographic columns [27-55].
Statistical analysis
PCA was applied to the auto-scaled areas of the 107 VOCs and SVOCs identified in pulp and skin of Bual and Bastardo by HS-SPME/GC-qMS, each with three independent replicates, using R statistical software package [56] . The goal was to extract the main sources of variability and hence to help on the characterisation of the dataset [57] .
Results and discussion
The effectiveness of SPME extraction depends on several experimental parameters, such as fibre coating, extraction time and temperature, ionic strength, sample dilution, and sample amount (ratio 1/ˇ). The best conditions obtained for HS-SPME/GC-qMS methodology was chosen based on intensity response (GC peak area), number of identified compounds, and relative standard deviation (RSD %). After the optimisation step, the global volatile signature of the pulp and skin from Bual and Bastardo grapes was established.
Performance of HS-SPME/GC-MS methodology
Selection of the fibre coating
The selection of a suitable fibre coating is an important step in SPME optimisation. The extraction efficiency of SPME depends greatly on the value of the distribution constant of analytes partitioned between the sample and the fibre coating material. Thus, six fibres commercially available were tested.
According to Fig. 1a , the extraction efficiency of DVB/CAR/PDMS, expressed as GC peak area, to carbonyl compounds (CC), alcohols (ALC) and monoterpenoids (MONOT) was higher than the other fibres under study, while the PDMS/DVB had a higher extraction capacity for C 13 norisoprenoids (NORIS), and CW/DVB for acids (Fig. 1a) . The carboxen fibres (DVB/CAR/PDMS, CAR/PDMS) showed similar extraction efficiency for monoterpenoids and C 13 norisoprenoids (Fig. 1a) . The results of this screening showed that the highest GC peak areas were obtained for the carboxen-related stationary phase (Fig. 1b) . However, considering the number of compounds identified, the best performance was achieved by DVB/CAR/PDMS (46 compounds) and PDMS/DVB (46), followed by CW/DVB (33), CAR/PMDS (25), PA (22) , and PDMS (19) . DVB/CAR/PDMS coating (molecular weight ranging from 40 to 275) combines the absorption properties of the liquid polymer with the adsorption properties of porous particles, which contains macro (>500Å), meso (20-500Å) and microporous (2-20Å) and has bipolar properties. The mutually synergetic effect of adsorption and absorption of the stationary phase explains its high retention capacity.
DVB/CAR/PDMS fibre was selected for all further optimisation steps, and pulp and skin analysis.
Extraction time and temperature
To extraction time optimisation, DVB/CAR/PDMS fibre was exposed into the headspace between 15 and 60 min. The influence of the extraction time on the extraction efficiency, towards the chemical groups under study, is presented in Fig. 2a . The best extraction efficiency was obtained for 45 and 60 min. For both times, similar total GC peak areas, RSD and number of identified compounds were observed. Thus, in order to implement a more expeditious methodology, the lower extraction time was selected (45 min).
The extraction temperature presents several effects on extraction efficiency. The temperature increases diffusion coefficients and Henry's constants, while, the time required to reach equilibrium decreases [20, 58] . To check the effect of temperature on SPME extraction efficiency, different extraction temperatures (30, 40 and 60 • C) were tested. Higher temperatures were not used to prevent analytes degradation. The results concerning total GC peak area, number of identified compounds and RSD are illustrated in Fig. 3 .
Reproducibility (RSD %) was lower than 20% for all temperature tested. An increase in extraction temperature improved the extraction efficiency for acids, monoterpenoids and C 13 norisoprenoids, while a decrease was observed for carbonyl compounds and alcohols. Sánchez-Palomo et al. [20] also observed that the higher extraction efficiency for monoterpenoids was achieved for higher temperatures. A total of 55 VOCs and SVOCs have been identified at 60 • C, while using an extraction temperature of 40 • C and 30 • C were detected 45 and 39 compounds (Fig. 3b) , respectively. An extraction temperature of 60 • C was selected for all further optimisation steps, and pulp and skin analysis.
Effect of ionic strength
The addition of salt can influence the extraction efficiency in two ways: changing the properties of the boundary phase and decreasing the solubility of hydrophilic compounds in aqueous phase (salting-out effect) [59] . Therefore, to check the ionic strength effect different amounts of sodium chloride (1, 2 and 3 g) were added to pulp of Bual. The ionic strength effect on the SPME extraction efficiency is shown in Fig. 4a .
An increasing on the extraction efficiency was observed from 1 to 2 g of NaCl, reaching a maximum with 2 g. Nevertheless, a decreasing was observed for 3 g of salt. This behaviour can be explained by considering two simultaneously occurring processes-initially analyte recovery increased due to the saltingout effect, whereby water molecules form hydration spheres around the ionic salt molecules. These hydration spheres reduce the content of water available to dissolve analyte molecules driving additional analytes into headspace and consequently fibre coating [60] . In competition with this process, at saturation state (3 g), is the fact that molecules may participate in electrostatic interactions with the salt ions in solutions, thereby reducing their ability to move into the fibre coating [61] . Taking into account the results, 2 g of NaCl was selected for all further optimisation steps, and pulp and skin analysis.
Influence of sample dilution
In the case of complex matrices, such as grapes and wines, sample dilution may change the phase partitioning of VOCs and SVOCs between the sample and headspace, and eventually altering the volatile profile as competition for analytes between different phases is modified [7] . To examine such potential competitions and the possible limitations for quantitative headspace VOCs and SVOCs analysis, samples were diluted by adding 2.5, 5.0 and 10.0 mL of ultra-pure Milli-Q water to pulp of Bual grapes (using 2 g of sample). The data obtained was illustrated in Fig. 4b , showing that the response was enhanced with the addition of 2.5 mL of ultra-pure water, followed by a decreased when the volume of ultra-pure water is higher than 2.5 mL. Addition of an aliquot of 5 mL of ultrapure Mill-Q water allowed higher reproducibility (RSD %) than those obtained by using 2.5 mL. Moreover, 53 VOCs were identified by using 5 mL of ultra-pure Milli-Q water, whereas using 2.5 and 10 mL, only 50 and 46 compounds were identified, respectively. Addition of an aliquot of 5 mL of ultra-pure Milli-Q water 0.00E+00 was selected for all further optimisation steps, and pulp and skin analysis.
Influence of sample amount
Establishment of the sample volume/headspace volume ratio is a crucial parameter in the optimisation of a SPME procedure [14, 19] . The amount of analyte extracted increases with the sample content up to a point, after which the sensitivity does not increase with further increasing in sample volume. Theoretically, optimum sample volume can be selected based on the estimated sample/headspace/coating distribution constant. In this study, to evaluate the influence of sample amount on the SPME extraction efficiency, three different assays using 1 (1/ˇ= 0.2), 2 (1/ˇ= 0.4) and 4 g (1/ˇ= 0.5) of pulp from Bual grapes were performed, and the results are shown in Fig. 4c . The total GC peak areas increased slightly with sample amount. The highest extraction efficiency was achieved using 4 g of pulp, which correspond to a ratio of the volume of the liquid phase to the headspace volume (1/ˇ) of 0.5. Moreover, 63 VOCs and SVOCs were identified using 4 g of pulp from Bual grapes, while using 1 and 2 g of sample, were identified 60 and 54, respectively. The sample amount of 4 g was selected for all further optimisation steps, and pulp and skin analysis.
The selected HS-SPME/GC-qMS conditions are summarised in Table 1 .
Application of HS-SPME/GC-qMS methodology for analysis of VOCs and SVOCs in pulp and skins of Bual and Bastardo Vitis vinifera L. grapes
Finally, in order to test the applicability of the optimised HS-SPME/GC-qMS methodology, the global volatile signature of the pulp and skin from Vitis vinifera L. Bual and Bastardo grapes was established. More than 100 VOCs and SVOCs were identified in pulp and skin of both grapes varieties, belonging to different chemical groups (Table 2) . A highly uneven distribution of VOCs and SVOCs between skin and pulp was observed. In both varieties, it was observed that the skin contained about volatiles (85 in Bual and 93 in Bastardo) than the corresponding pulp (68 and 71 in Bual and Bastardo grapes, respectively). A total of 27 monoterpenoids, 27 sesquiterpenoids, 10 C 13 norisoprenoids, 21 carbonyl compounds, 17 alcohols and 5 acids were identified.
Considering the GC peak areas, skins contained about 70% of the total volatiles present in grapes of both varieties. The GC peak area of sesquiterpenoids was 93 and 347 times higher in skin than in pulp of Bual and Bastardo grapes, respectively. This tendency was followed by, monoterpenoids (1.84 and 2.43), carbonyl compounds (1.55 and 1.96 times) and acids (4.27 and 3.85), respectively. Alcohols were found to be evenly distributed between skins and pulps of the two varieties, whereas C 13 norisoprenoids was associated primarily with the pulp (1.71 times higher) of the Bual grapes. In Bastardo grapes the C 13 norisoprenoids are uniformly distributed between the pulp and skin.
Because of the impact of monoterpenoids, sesquiterpenoids and C 13 norisoprenoids on flavour and varietal character of Vitis vinifera L. varieties, particular attention was devoted to these chemical groups. Carbonyl compounds and alcohols, particularly the C 6 compounds, were also object of particular considerations as they can promote deleterious effect on wine aroma properties, due to their herbaceous notes.
The total GC peak area of monoterpenoids in pulp and skin of Bastardo grapes was found to be higher than that determined in pulp and skin of Bual grapes, besides the number of identified compounds being quite similar. Menthol, geraniol and linalool represented the major monoterpenoids identified in pulp of Bual grapes, while in skin menthol, geraniol, carvone and p-cymene were found the most dominant, accounting for 46 and 56% of the total monoterpenoids GC peak area, respectively. In pulp of Bastardo grapes, dihydrolinalool, geraniol, ␣-terpineol, and dihydromyrcenol were the most abundant monoterpenoids, while in skin dehydrolinalool, geraniol and ␤-pinene were found to be the major ones, accounting for 59 and 61% of the total monoterpenoids GC peak area, respectively.
According to results obtained by PCA, the skin of Bastardo grapes (PC1 and PC2 positive) is mainly characterized by the presence of monoterpenoids (e.g. ␤-pinene, ␥-terpinene, (Z)-␤-ocimene, (E)-␤-ocimene, p-cymene, and geranic acid). Moreover, this chemical group when present at concentration above their odour threshold (OT), could contribute with citrus-like, sweet and flowery notes [17] . The importance of monoterpenoids as grape and wine components is well known, due to their aroma properties, and as their profile can be used for characterisation of grape varieties.
A total of 10 C 13 norisoprenoids were detected in pulp and skin of both grape varieties, 7 from which were common to Bual and Bastardo grapes. The C 13 norisoprenoid GC peak area was found to be considerable higher in pulp of Bual than in pulp of Bastardo and skin of both grapes (Table 2 ). This chemical group accounted for 7 and 5% of the total volatile profiles in pulp, and 2 and 2% of the total volatile profile in skin of Bual and Bastardo grapes, respectively. 1,1,6-Trimethyl-1,2-dihydro-naphthalene (TDN) was only identified in pulp of Bual, while ␣-ionone was only identified in pulp of Bastardo grapes. (E)-␤-Damascenone was the most abundant C 13 norisoprenoid identified in pulp of both grape varieties, whereas in skin (E)-␤-damascenone, naphthalene and ␤-ionone were dominant. As can be observed in Fig. 5 , the pulp of Bual (PC1 and PC2 negative) is mainly characterized by the presence of C 13 norisoprenoids, highlighting vitispirane I, vitispirane II, TDN, (E)-␤-damascenone, and methyl dihydrojasmonate. This chemical group (derived from carotenoids degradation [62] ), when present at concentration above their OT, can contribute for grape and wine aroma with characteristics camphor, honey-like or cassis notes. These compounds are also considered to be a quality factor and typical for each variety [62] .
With regard to sesquiterpenoids their levels were found to be considerable higher in skin of Bual than in skin of Bastardo, and pulp of both varieties. Furthermore, the GC peak area of these volatiles in pulp and skin of Bual was 17 and 4 times higher than in pulp and skin of Bastardo grapes, respectively. Among them, Table 2 ).
␤-bourbonene, ␣-ylangene, ␣-bisabolene, calamenene and ␣-caryophylene, are predominant in both varieties. A highly uneven distribution was observed, 27 sesquiterpenoids identified in studied grapes. ␣-Ylangene, (−)-isoledene, ␥-muurolene, ␣-bisabolene, and calamanene were only identified in pulp of Bual, whereas cadalene and (Z)-nerolidol were common to both pulp grapes. This chemical group, when present at concentration higher than their OT, can contribute for grape and wine aroma with woody, spice, sweet, floral, clove, musty oil and fresh notes [63] . Sesquiterpenoids have been related with different health applications, mainly antiinflammatory, anti-HIV, antibacterial and antitumoral activity [17] . Carbonyl compounds were quantitatively the largest group of the VOCs and SVOCs in Bual and Bastardo grapes. The group is composed mainly by C 6 aldehydes (e.g. (E)-2-hexenal and hexanal), which found to be the major constituent of the skin and pulp of both investigated varieties. These compounds, products of the enzymatic breakdown of unsaturated fatty acids, when present at concentration above its OT, can contribute with herbaceous notes, while nonanal and decanal could exhibit soapy, citrus-like and green notes [3, 64] , respectively.
The major alcohols identified, in skin and pulp of both varieties, were 1-hexanol and (E)-2-hexen-1-ol and, followed by benzyl and phenylethyl alcohols. In Bual grapes C 6 alcohols were found mainly in pulp, while in Bastardo grapes they found to be uniformly distributed among pulp and skins. Alcohols, whose origin was reported as being related mainly to the lipooxygenase activity of the grape and/or juice aeration, are reported to contribute more to the intensity of the odour of the wine than to its quality [65] . The GC peak area of the aromatic alcohols was found to be 3 times higher in pulp of Bastardo than pulp of Bual grapes. Benzyl alcohol and phenylethyl alcohol are associated with sweet and flowery notes and its contribution can be considered as a positive characteristic, especially for varieties with a poor varietal character. The pulp of Bastardo placed in PC1 negative and PC2 positive is mainly characterized by the presence of C 6 alcohols and C 6 aldehydes, highlighting hexanal, hexan-1-ol, (E)-2-hexen-1-ol, 2-ethylhexan-1-ol.
Concluding remarks
HS-SPME DVB/CAR/PDMS combined with GC-qMS provides a suitable and solvent-free approach for the establishment of global volatile signature of pulp and skin of grapes from different varieties.
Since SPME extraction technique is very sensitive to experimental conditions, several extraction-influencing parameters were optimised. Consequently, DVB/CAR/PDMS fibre was found to afford the most efficient extraction of the analytes released to the headspace. An extraction temperature of 60 • C was found to be optimum to ensure efficient transfer from the headspace to the fibre while an extraction time of 45 min was considered sufficient.
More than 100 VOCs and SVOCs distributed over six chemical groups (mono and sesquiterpenoids, C 13 norisoprenoids, alcohols, carbonyl compounds, and acids) were detected in the pulp and skin of Bual and Bastardo Vitis vinifera L. varieties. The data obtained showed that mono and sesquiterpenoids, carbonyl compounds and acids are mainly present in skin than in pulp of both grapes varieties under study. The high number of monoterpenoid and sesquiterpenoids identified in skin of both grapes suggests that these varieties are potential sources of these chemical groups. The most abundant ones were the ␤-bourbonene, ␣-bisabolene and ␣-ylangene in skin of Bual grapes, whereas ␣-caryophyllene and ␤-bourbonene were predominant in the skin of Bastardo grapes.
HS-SPME DVB/CAR/PDMS /GC-qMS combined with PCA provides a powerful tool to establish the global volatile signature of both grape varieties. Skins from both varieties were characterized mainly by the presence of mono (Bastardo) and sesquiterpenoids (Bual), which suggests that wine aroma properties could be increased if skin maceration (a procedure that promotes their transference to juice) is applied. Also, for the Bastardo variety, a special attention should be taken during winemaking procedure to avoid possible deleterious effects associated with the presence of C 6 alcohols and C 6 aldehydes that characterize its pulp composition. This knowledge represents a suitable tool to support in a objective way the winemaker decision based on the varieties potentialities.
